Polyribosomal RNA from tobacco infected with sonchus yellow net virus was resolved by electrophoresis on agarose gels, transferred to nitrocellulose and hybridized to radioactive viral RNA. Polyadenylated RNA contained four major viral complementary species, molecular weights 2.2 x 106, 0.83 x 106, 0.62 x 106 and 0.46 × 106, plus a minor species, molecular weight approx. 3 × 106. No such species could be detected in the non-polyadenylated RNA fraction. The polyadenylated RNA from membrane-bound polyribosomes contained only the 0-83 × 106 and 0-46 x 106 molecular weight RNAs. The sizes of the RNAs were consistent with the expected sizes of messages for the virus proteins, calculated from the molecular weight of these proteins.
rhabdoviruses from different subgroups resemble each other and those of VSV remains unknown.
In cells infected with VSV, five subgenomic polyadenylated RNAs are transcribed from the negative-stranded genome. These RNAs serve as messages for the viral proteins (Rose & Knipe, 1975; Freeman et al., 1977) . Synthesis of the envelope spike protein, G, takes place on membrane-bound polyribosomes, the other four structural proteins being synthesized on free polyribosomes (Grubman et al., 1975; Morrison & Lodish, 1975) .
Polyribosomes from plants infected with SYNV also contain polyadenylated RNAs [poly(A) ÷ RNAs] which are complementary to the viral genome . These viral-complementary RNAs (vcRNAs), which are believed to be viral mRNAs, represent the entire genome complexity of the virus. A subset of vcRNAs, comprising 40 to 50% of the genome complexity, is associated with membrane-bound polyribosomes .
Assuming that genes do not overlap, the maximum coding capacity of the viral genome is just sufficient to code for the four major virus proteins plus the L protein (Jackson & Christie, 1977; Jackson, 1978) . Since the vcRNAs comprise only 1 to 4% of the total poly(A) ÷ RNA extracted from infected leaves , they have not as yet been directly identified.
In this paper, we have used agarose gel electrophoresis to resolve various RNA fractions from infected plants, transferred the RNA to nitrocellulose and identified the viral-complementary species by hybridization using radioactive viral RNA as a probe. 0022-1317/83/0000-5788 $02.00© 1983 SGM
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Virus was maintained in and isolated from Nicotiana clevelandii × glutinosa hybrids according to Jackson & Christie (1977) . Viral RNA was purified as described by . The RNA was partially degraded by incubation at 88 °C for 10 to 20 min in 50 mM-Tris-HC1 p H 9.5 (Bedbrook et al., 1980) . RNA fragments were phosphorylated with [7 -32 P]ATP (3000 Ci/ mmol; Amersham) and T4 polynucleotide kinase (Bethesda Research Laboratories) by the procedure of Maxam & Gilbert (1980) . The 32p°labelled RNA was 80 to 300 nucleotides in length as determined by electrophoresis on 2~ agarose-formaldehyde gels (Rave et al., 1979) .
Polyribosomes and polyribosomal poly(A) + and poly(A)-RNAs were prepared as described previously Jackson & Larkins, 1976; Krystosek et al., 1975) . Membrane-bound polyribosomal RNA was prepared by a modification of the procedure of Rosbash & Penman (1971) . Unexpanded infected leaves (12 g) were ground in 120 ml of cold 40 mM-KCI, 35 mM-MgCI2, 25 mM-EGTA, 100 mM-Tris-HCl pH 9.0. The brei was centrifuged at 3000 g for 5 min and the pellet discarded. Membranes were pelleted by centrifugation at 23000g for 10 min, resuspended in the above buffer, overlaid over discontinuous sucrose gradients [3 ml 45~ (w/w) sucrose plus 3 ml 30~ (w/w) sucrose, both in 60 mM-KCI, 30 mM-MgClz, 5 mM-EGTA, 40 mM-Tris-HC1 pH 9.0] and centrifuged for 2 h at 41000 rev/min in a Sorvall TST 41.14 rotor. The membrane fraction was recovered from the interface between the 30~o and 45 ~ sucrose layers and collected by centrifugation at 23 000 g for 10 min. Poly(A) + RNA was prepared by resuspending the membrane pellet in 3 ml of 0.5 M-NaC1, 50 mM-HEPES pH 7.5, 10 mM-EDTA and 0.5~ (w/v) SDS, incubating at room temperature for 30 min with proteinase K (80 ktg/ml) followed by phenol extraction and chromatography on oligo(dT)cellulose Krystosek et al., 1975) .
RNA was resolved by electrophoresis on 1-2 ~ agarose-formaldehyde gels (Rave et al., 1979) . Tobacco mosaic virus (TMV) RNA and brome mosaic virus (BMV) RNAs were used as molecular weight standards. Their molecular weights were taken to be 2.17 × 106 and 1.1 × 106, 1.0 × 10 6, 0"75 × 106 and 0-29 x 106 (Gustafson et al., 1982) . Lanes containing molecular weight standards were sliced off and stained with methylene blue. The remainder of the gel was blotted to nitrocellulose (Thomas, 1980) which was hybridized to 32p-labelled SYNV RNA as described by Gustafson et al. (1982) . Hybridization reactions contained 1 × 106 to 2 x 106 d/ min of RNA (5 × 106 to 15 × 106 d/min/t~g) in a total volume of 10 ml.
32p-labelled SYNV RNA was hybridized to blots of poly(A) + and poly(A)-RNA from infected plants and from healthy controls ( Fig. 1) . Poly(A) + RNA from infected plants ( Fig. 1 a) contained four major electrophoretically distinguishable viral-complementary species (vcl, vc2, vc3 and vc4) . Hybridization to poly(A) + RNA from healthy controls was never observed (Fig.  1 b) . With RNAs from BMV and TMV as molecular weight standards we estimate the molecular weights of the vcRNAs to be 2-20 × 10 6, 0"83 × 10 6, 0-62 × 106 and 0.46 × 106 (Table 1) . Similar values were obtained using agarose-glyoxal gels (McMaster & Carmichael, 1977) to resolve poly(A) + RNA and when denatured restriction fragments of cauliflower mosaic virus were used as molecular weight standards (M. A. Rezaian, L. Heaton, K. Pederson, J. J. Milner & A. O. Jackson, unpublished results ). An additional species, vc0 (mol.wt. 3 × 106) was detectable in several batches of poly(A) + RNA. This species, which was present at low concentration, could be observed more easily by increasing both the quantity of poly(A) + RNA loaded onto the gel and the autoradiograph exposure time (Fig. l f) .
No discrete viral-complementary species were observed in lanes containing up to 16 p.g of poly(A)-RNA and autoradiographed for 24 h (data not shown). To increase the sensitivity of detection, hybridizations were carried out on blots containing 32 ktg RNA per lane and the autoradiographs were exposed for 7 days. Under these conditions, bands were observed with poly(A)-RNA from both infected and healthy plants ( Fig. 1 c, d) . However, the most prominent species migrated at the positions expected for the ribosomal RNAs and bands unique to the RNA from infected plants were not observed. None of the species corresponding to those present in the poly(A) + RNA fraction was present. Since we have already shown that SYNV RNA does not hybridize, in solution, to a large excess of poly(A)-RNA from healthy plants and since the bands coincide with the predominant tobacco poly(A)-RNA species we believe that they result from non-specific hybridization of the probe to the most abundant host RNAs. We have also observed binding of probe to high concentrations (20 ~tg/lane) of BMV RNA (data not shown), indicating that at such concentrations, RNA will bind an unrelated probe. Such non-specific hybridization may be due to oligonucleotide regions in the probe that have sequence complementarity to short regions in the bound RNA.
Previous results suggest that the poly(A) + RNA sequences associated with membrane-bound polyribosomes represent only about 50~ of the genome complexity of SYNV . In order to determine which individual vcRNA species were represented in this fraction, poly(A) + RNA was isolated from membranes and analysed by blot-transfer hybridization (Fig.  1 e) . The probe hybridized to two bands which had electrophoretic mobilities similar to vc2 and vc4 from total poly(A) + RNA. This suggests that synthesis of at least two of the virus proteins takes place on membrane-bound polysomes.
If the vcRNAs do represent messages for the viral proteins, then their maximum coding capacities should be in agreement with the actual molecular weights of the proteins. This is indeed the case (Table 1 ). The molecular weights of the G and N proteins (77000 and 64000; Jackson & Christie, 1977; Jackson, 1978) are close to the maximum coding capacities of vc2 and vc3. Although the molecular weight of the L protein has not been unequivocally determined, the L proteins of other plant and animal rhabdoviruses range in molecular weight from 150000 to 170000 (Peters, 1981) . RNA vcl could code for a protein of this size. The remaining species, vc4, could code for either of the proteins M 1 or M2. The mRNAs for the two smallest VSV proteins (NS and M) co-electrophorese in denaturing gels, despite a considerable difference in the molecular weights of these proteins (Rose & Knipe, 1975) . This may also be the case for SYNV. Although we were unable to resolve vc4 into two components, we always observed a much broader band than with the other RNAs (e.g. see Fig. 1 a) . This could reflect heterogeneity in the size of the poly(A) tail, the presence of two RNAs or a combination of both possibilities.
The sum of the molecular weights of the major vcRNAs is 4.14 x 104 (4-6 x l06 if vc4 is counted twice). Thus, if each vcRNA is a unique transcript, their total complexities represent 90 to 100 ~ of the genome complexity. The minor species, vc0, may be an unprocessed polycistronic transcript or a kinetic intermediate of mRNA synthesis. A genome-length, positive-stranded transcript of VSV is also detectable at low levels within the poly(A) + RNA from infected cells (Morrison & Lodish, 1975; Freeman et al., 1977; Repik, 1979) .
We have previously reported the presence of vcRNA in the poly(A) RNA fraction from infected plants . Although the heterologous hybridization to abundant poly(A)-RNA species makes our data somewhat difficult to interpret, we were unable to detect any hybridizing species unique to the poly(A)-RNA fraction from infected plants. It is possible that there are no significant quantities of non-polyadenylated viral mRNA. In this case, the specific hybridization, in solution, of poly(A)-RNA from infected plants to SYNV RNA may reflect the appearance, despite our efforts to minimize ribonuclease activity, of partially degraded poly(A) + RNA within the poly(A)-fraction following loss of the poly(A) tail and its proximal sequence. Such species would migrate on agarose gels as a smear. However, the quantity of viral-complementary sequences associated with 32 ~tg ofpoly(A)-RNA, on the basis of hybridization kinetics , would be barely detectable by blot hybridization. We cannot, therefore, rule out the possibility that viral-complementary sequences are present in the poly(A)-RNA fraction, but at low concentrations.
Membrane-bound polyribosomes are associated with RNAs vc2 and vc4, suggesting that proteins G and either or both of M1 and M2 are synthesized on membranes. These proteins are believed to be associated with the viral envelope (Jackson, 1978; Morrison, 1979) . The total complexity of these vcRNA species is in agreement with previous estimates of 40 to 50 ~ of the genome, based on hybridization in solution . It may be significant that with VSV only the G protein is synthesized on membranes (Grubman et al., 1975) . This may represent a difference between the two viruses in the strategy of replication.
In conclusion, we have demonstrated the presence, on polyribosomes from plants infected with SYNV, of four electrophoretically distinguishable viral-complementary RNA species. The sizes of these species are in agreement with the predicted sizes of the mRNAs for viral proteins.
